Background and objectives Frailty is associated with poor outcomes for patients on dialysis; however, previous studies have not taken into account the severity of frailty as a predictor of outcomes. The purpose of this study was to assess if there was an association between the degree of frailty and mortality among patients on incident dialysis.
Introduction
Frailty (a loss of cognitive, functional, and health reserves leading to increased vulnerability) (1) is common in ESRD (2) (3) (4) (5) . Studies examining the effect of frailty on outcome in the general population typically include only elderly patients (6, 7) . However, the prevalence of frailty is high for both older and younger patients initiating dialysis (4). Furthermore, frailty is associated with a higher risk of death irrespective of age in the ESRD population (2) .
Studies of frailty in dialysis populations have used different criteria that have been extrapolated from the five-item Fried frailty phenotype (2-4). These criteria are on the basis of the presence of unintentional weight loss, exhaustion, reduced grip strength, slow walking speed, or low physical activity (8) . Alternative criteria have been validated and used in large ESRD databases (2, 3) . Although these definitions are reliable and reproducible, applying these criteria can be cumbersome in routine clinical practice. Moreover, the incremental severity of frailty is not captured using these measurement tools. It has been shown in the elderly general population that even small changes in the degree of frailty are associated with poor outcomes (1) . Therefore, the purpose of this study was to evaluate the association between the degree of frailty and mortality using a simple frailty scale in a cohort of patients with incident dialysis. We hypothesized that incremental changes in the level of frailty would be associated with death in this population.
Materials and Methods

Study Population
We conducted a cohort study of consecutive adult (age .18 years old) patients on incident dialysis who started chronic dialysis from January 1, 2009 to June 30, 2013 , at a large tertiary care center. Patients on chronic dialysis were identified from a local electronic database as those for whom the treating physician felt that they had ESRD requiring dialysis and would not recover kidney function on the basis of clinical impression. We included patients who initiated dialysis after failed kidney transplant. We excluded patients who only transiently received dialysis in our center (,1 week) with the intention and eventual transfer to another regional/out-of-province dialysis unit.
Patients were followed for outcomes until December 31, 2013.
Exposure Assessment
The Clinical Frailty Scale (CFS) (1) was used to measure the level of frailty for all patients initiating dialysis during the noted timeframe. This scale is on the basis of clinical judgment using available clinical information. It has been shown to have high inter-rater reliability (intraclass correlation coefficient of 0.97) and correlates well with objective measures of frailty (Pearson correlation coefficient with mathematics-based frailty index of 0.80) (1) . The original version of the scale (which was used in this study) is graded from 1 to 7 (1, very fit; 2, well without active disease; 3, well with treated comorbid disease; 4, apparently vulnerable; 5, mildly frail; 6, moderately frail; 7, severely frail), with emphasis on function of the assessed individual (summarized version noted in Table 1 .) All 10 nephrologists and three nephrology nurse practitioners (at this institution) were introduced to the CFS in 2008 before study initiation. Similar to the original study design, ascertainment of frailty level was on the basis of the clinician's judgment and informed by the provided information for each level of frailty. A copy of the scale, including the descriptors of each level, was provided to the primary nephrology practitioner for each patient, who prospectively evaluated CFS scores in the week preceding or day of dialysis (when dialysis initiation was scheduled in the outpatient clinic). Among those who initiated chronic dialysis as an inpatient, CFS scores were measured during the first week of admission. The individual with the most clinical knowledge of the patient determined the CFS score; among scheduled dialysis starts, this was the patient's primary nephrologist or nephrology nurse practitioner. Among inpatient starts without prior follow-up, this was the attending/consulting nephrologist. Characteristics and outcomes of patients who had missing frailty scale scores were captured for comparison.
Outcome Assessment
The primary outcome of this study was time to all-cause mortality from the date of dialysis initiation. Date of death and causes of death were ascertained through documentation in electronic records and patient charts. Patient survival was censored at transplantation or date of last follow-up. In prespecified sensitivity analyses, we also examined the association between frailty and mortality using different follow-up periods and subgroups. Specifically, we examined time to death without censoring at transplantation, time to death excluding patients with a failed renal allograft as cause of ESRD, and early mortality (death within the first 1 year of dialysis).
Baseline Characteristics
Characteristics were collected at the start of dialysis by the patient's primary nephrologist on the basis of clinical data in electronic records. These characteristics included patient demographics, height and weight, comorbidities, cause of ESRD, type of dialysis (peritoneal, hemodialysis with central venous catheter, or hemodialysis with arteriovenous fistula or graft), and laboratory data. eGFR using the four-variable Modified Diet in Renal Disease (MDRD) equation was calculated in all patients at the start of dialysis on the basis of serum creatinine values on the day of dialysis initiation. If laboratory results were not available on the day of dialysis, the most recent values within the preceding month were used. Physicians at our center routinely document additional comorbid conditions that comprise the Charlson Comorbidity Index (CCI). This index assigns points to different medical conditions to determine an overall score of comorbidity (9) . Higher CCI scores have been associated with an increased mortality risk in patients on dialysis (10, 11) . All comorbid conditions were documented by the patient's primary nephrologist on the basis of clinical knowledge and notation in electronic records. Missing values were addressed by re-examination of electronic records by two nephrologists (B.A.K. and K.K.T.) and a nephrology fellow (T.A.A.).
Statistical Analyses
Descriptive statistics were reported as counts and percentages for categorical variables, means6SDs for normally distributed continuous variables, and medians and interquartile ranges for non-normally distributed continuous variables. Frailty was treated as a continuous variable with a fixed interval between each scale score. We compared the change in the likelihood ratio test treating frailty as ordinal or continuous to ensure that we could analyze the CFS in this manner. However, we also examined for a trend of the survivor function across each CFS score. Adjusted hazard ratios (HRs) and 95% confidence intervals (95% CIs) for each 1-point increase in the CFS were evaluated in sequential multivariable Cox proportional hazards models incorporating demographics, comorbid conditions, laboratory data, and dialysis factors. Variables with missing data were added to the final model to avoid excluding patients at earlier levels. Variables selected for inclusion in the models were on (20, 21) . Proportionality was assessed with Schoenfeld's global test. The possibility of effect modification by older age ($65 years old), comorbidity (CCI$5), and dialysis type was explored using interaction terms for each of these variables and the CFS in the final multivariable model. In a final sensitivity analysis, we reported adjusted HRs (using those variables noted above) and 95% CIs for ordinal categories of the CFS score (scores of 4, 5, and 6/7 relative to scores of 1-3) and examined for a trend of the survivor functions across each category. Statistical analyses were performed using Stata IC, version 12 (StataCorp, College Station, TX). A two-sided P value of ,0.05 was the threshold for statistical significance. Approval for this study was received from the research ethics board at Capital Health.
Results
During the study period, 468 patients started chronic dialysis, of whom 390 (83%) had an assigned CFS score ( Figure 1 ). Most of 78 patients who did not have a CFS score assigned were in the first era of the cohort (2009; n=36; 46%) ( Table 2 ). Baseline characteristics stratified by presence and absence of an assigned CFS score are displayed in Table 2 . Comparing those with scores with those without scores, there were differences in sex (67% versus 55% men), proportion with CCI scores $5 (44% versus 31%), and type of dialysis therapy (77% versus 65% hemodialysis).
Frailty Scale Scores
The CFS scores were normally distributed (Shapiro-Wilk test, P=0.09). The distribution of patients on the basis of individual CFS scores is displayed in Figure 2 . The mean CFS score was 462; 26% of patients were mildly to severely frail (scores of 5-7) on the basis of their CFS score, and 53% were apparently vulnerable to severely frail (scores of 4-7). Characteristics of patients at each CFS score are noted in Table 3 . In general, those with higher scores had a higher proportion of individual comorbid conditions, had higher overall comorbidity (as defined by the CCI), had lower serum albumin concentration, and were older compared with those with lower scores. More patients with CFS scores of 7 received hemodialysis (versus peritoneal dialysis) and initiated dialysis as an inpatient compared with those with lower scores. 
Primary Outcome
There were 96 deaths over 750 patient-years at risk (median follow-up time of 1.7 years; interquartile range =0.9-2.8 years). The proportions of patients who were deceased, alive (without transplant), and transplanted are displayed in Figure 3 . Causes of death are noted in Supplemental Table 1 . The majority of death was caused by withdrawal from dialysis and cardiac causes (arrythmia, myocardial infarction, congestive heart failure, or valvular heart disease) or sudden death. The proportions of patients with each cause of death were similar, regardless of CFS score (Supplemental Table 1 ). In an adjusted Cox survival analysis, each 1-point increase in the CFS score was associated with a relative mortality HR of 1.22 (95% CI, 1.04 to 1.43; P=0.02; model 3) (Table 4) . A trend of the survivor function for each 1-point categorical increase in the CFS was also observed (P,0.001). P values for the interaction terms of the CFS with each of age $65 years old, CCI$5, and dialysis modality were not significant. This suggests that advanced age, comorbidity, and dialysis modality did not modify the association between frailty and mortality in this study.
Sensitivity Analyses
The point estimate and 95% CI for the association between each 1-point increase in the CFS and mortality were similar in sensitivity analyses (Table 4) . Including survival time and outcomes of patients after transplantation did not significantly change the results (adjusted relative HR, 1.21; 95% CI, 1.03 to 1.42; P=0.02). Treating the CFS as a categorical variable (scores of 1-3, 4, 5, and 6/7), a trend of the survivor functions was noted (P,0.001). Compared with patients with a CFS score of 1-3, those with scores of 4, 5, and 6/7 had adjusted mortality HRs of 2.07 (95% CI, 1.14 to 3.74), 2.12 (95% CI, 1.05 to 4.28), and 2.38 (95% CI, 1.21 to 4.69), respectively. 
Transplantation
Sixty-three (16%) patients received a renal allograft in those patients with an assigned CFS score. The proportion of patients who were transplanted declined with increasing CFS scores. None of the patients who were moderately or severely frail (CFS scores of 6 and 7, respectively) received a renal allograft during the study period.
Discussion
In this study, we identified an association between the degree of frailty (as defined by the CFS) and mortality. This association persisted after adjustment for age, CCI, and dialysis modality and persisted in sensitivity analyses. In contrast, a higher proportion of patients received kidney transplantation among those with lower CFS scores.
Although it is not surprising that frailty measured by the CFS was associated with mortality in our study, the increased risk of death with each 1-point increase in the CFS score underscores the potential prognostic significance of frailty in this population. Even in a cohort that is at a higher risk of death by virtue of having ESRD (22, 23) , the incremental nature of the CFS and association with mortality are preserved. Therefore, the CFS has the potential to add additional prognostic information above other known mortality predictors in dialysis (19, 24) .
Our findings are comparable with those by Rockwood et al. (1) , who observed a similar increase in the risk of death with each 1-point increase in CFS in a cohort of community-dwelling elderly patients (.65 years old) and found that 59% of patients had CFS scores of $4 (versus 53% in our study). However, our population was considerably younger (average age of 63 years old). Patients with ESRD may accumulate other health issues earlier in life that contribute to frailty or ESRD itself, which can be associated with decreased physiologic reserve, characteristic of frailty (25, 26) . Not unexpectedly, age at the start of dialysis did not modify the association between frailty and outcome; the mortality HR was comparable whether young or old. This finding is similar to previous studies of frailty in dialysis (2-4) and suggests that there may be factors that lead to more rapid deficit accumulation and loss of reserve among patients on dialysis, regardless of age. However, these putative factors may occur well before patients initiate dialysis. Frailty scores in this cohort were normally distributed, whereas frailty in a younger population (as shown by assessment of a frailty index in an analysis of 66,589 community-dwelling individuals) tends to conform to a g-distribution (27) . This emphasizes that, even at baseline, our cohort behaves like a much older cohort of patients in the general population, with a greater proportion of scores above category 4. Therefore, initial deficit accumulation leading to frailty and subsequent mortality likely precedes need for dialysis. An assessment of changes in the CFS score and subsequent outcomes among those with CKD is planned for future study.
The association between frailty and mortality was consistent with other studies using alternative assessment tools (2-4) ; however, the prevalence of frailty differed. On the basis of the CFS, 26% of patients had varying degrees of frailty, and another 27% of patients were vulnerable. In contrast, prevalence of frailty in dialysis has been reported to be as high as 73% (2) and as low as 24% (28) depending on the criteria used to define it. We hypothesize that dividing frailty in two or three categories may lead to an underestimation of the mortality risk in studies with a high baseline prevalence, especially if many of those patients are not severely frail. Alternatively, the use of clinical judgment regarding factors that determined frailty score (such as cognitive status) may have led to an underestimation of frailty by clinicians in this study. Future studies will integrate other sources of information into the frailty score, including collateral report of function and objective cognitive screening (29) . It remains unclear which scale is best used to measure frailty in community dwellers and dialysis cohorts (30) . The CFS is a subjective measure of a patient's overall health status as determined by the clinician's judgment, taking into account perceived functional impairments (which are determined, in part, by mobility and cognitive function) and comorbid conditions to assign patients a level of frailty (1) . Alternative frailty assessment tools use patient self-report and clinician impression (3). Finally, (16) 23 (32) 31 (38) 65 (63) 29 (63) 30 (79) 13 (76) Men, n (%) 21 (68) 52 (72) 65 (79) 68 (65) 25 (54) 20 (53) 12 (71) Caucasian, n (%) 29 (91) 60 (85) 72 (88) 93 (89) 43 (93) 32 (84) 17 (100) ESRD cause, n (%) Diabetic nephropathy 0 (0)
15 (21) 27 (33) 40 (38) 18 (39) 9 (24) 7 (41) GN 7 (23) 7 (10) 11 (13) 8 (8) 8 (17) 3 (8) 3 (18) Polycystic kidney disease 6 (19) 10 (14) 4 (5) 6 (6) 0 (0)
Ischemic renal disease 5 (16) 11 (15) 11 (13) 23 (22) 11 (24) 15 (39) 1 (6) Other 9 (29) 20 (28) 19 (23) 18 (17) 6 (13) 6 (16) 3 (18) Unknown 4 (13)
9 (13) 10 (12) 9 (9) 3 (7) 5 (13) 3 (18) Comorbid conditions, n (%) Diabetes 5 (16) 25 (35) 37 (45) 63 (61) 26 (57) 23 (61) 9 (53) Previous myocardial infarction 1 (3) 11 (15) 23 (28) 48 (46) 19 (41) 19 (50) 5 (29) History of stroke 1 (3) 5 (7) 9 (11) 15 (14) 9 (20) 7 (18) 4 (24) Peripheral vascular disease 0 (0)
6 (8) 12 (15) 27 (26) 10 (22) 11 (29) 5 (29) Congestive heart failure 1 (3) 6 (8) 17 (21) 26 (25) 17 (37) 14 (37) 6 (35) Previous or active malignancy 3 (10) 5 (7) 5 (6) 8 (8) 2 (4) 5 (13) 2 ( 1 (1) 1 (2) 4 (11) 2 ( Charlson Comorbidity Index score $5, n
3 (10) 14 (19) 30 (37) 63 (61) 27 (59) 24 (63) 10 (59) Type of dialysis, n (%) Hemodialysis 24 (77) 40 (58) 65 (79) 84 (81) 36 (78) 34 (89) 16 (94) Peritoneal dialysis 7 (23) 30 (42) 17 (21) 20 (19) 10 (22) 4 (11) 1 (6) Location of dialysis start, n (%) Inpatient 4 (13) 14 (19) 28 (34) 32 (31) 22 (48) 27 (71) 13 (76) Outpatient 27 (87) 58 (81) 54 (66) 72 (69) 24 (52) 11 (29) 4 (24) Body mass index, median (interquartile range)
28 (24) (25) (26) (27) (28) (29) (30) 29 (25) (26) (27) (28) (29) (30) (31) (32) (33) 28 (25) (26) (27) (28) (29) (30) (31) (32) (33) (34) 30 (27) (28) (29) (30) (31) (32) (33) (34) (35) (36) 29 (24) (25) (26) (27) (28) (29) (30) (31) (32) 27 (23) (24) (25) (26) (27) (28) (29) (30) (31) 26 (25) (26) (27) (28) (29) (30) (31) (32) (33) eGFR (MDRD; ml/min per 1.73 m operational definitions developed by Fried et al. (8) emphasize the physical condition of the individual as a phenotypic manifestation of frailty (31, 32) . Therefore, there may be a tradeoff between the more objective definition provided by the Fried phenotype and one that is subjective but draws on clinician knowledge of other components of frailty. Appreciating that frailty is associated with mortality, the use of categorizing the degree of frailty becomes more apparent. Longitudinal changes in frailty severity subsequent to dialysis initiation can be identified. Determining the severity of frailty can enable targeted clinical programs and support systems that address decision-making in the context of frailty (33) to better inform those who experience decisional conflict (34) or ambivalence toward initiating dialysis.
This study has a number of strengths. It is the first study to evaluate a frailty scale in patients with ESRD. The prospective acquisition of CFS scores limited the possibility of misclassification of patients (i.e., ascertainment of CFS after outcome) and improved the accuracy of data collection. The cohort was of sufficient size to allow for multivariable adjustment. There were only a few missing values in confounding variables used in the study. We had a reasonable representation of patients with completed CFS scores. Despite these strengths, there are limitations. Being an observational study, there may have been unknown or unmeasured confounders that affected the association between frailty and mortality. Nevertheless, we were able to adjust for several important variables that have been shown to be associated with mortality in other studies of patients on dialysis. Although most factors were similar comparing those with and without CFS scores, there were differences in sex, modality, and overall comorbidity. There is a small possibility that inclusion of these patients if their CFS scores were available would have modified the results of our study. We acknowledge that, although the CFS has been validated in other cohorts (1, 35, 36) , this is the first application in patients on dialysis. Identifying a similar mortality association in another dialysis cohort would be important along with identifying how well it agrees with other frailty assessment tools used in dialysis. In addition, examining other outcomes (including hospitalization, use of homecare resources, and need for institutionalization) would be important to determine if frailty defined by the CFS affects morbidity. Another limitation is the fact that the CFS is subjective and that different clinicians may grade severity differently or misclassify patients on the basis of limited availability. However, although this scale is subjective, it is a more realistic reflection of routine clinical practice, which often requires overall clinical impression. It is likely that many patients who were severely frail may not have been considered for dialysis, and this group of patients would not have been included in this analysis. However, it is unlikely that inclusion of this group of patients would have changed the results of our study. Furthermore, although severely frail patients are not always initiated on dialysis, it is informative to see that 14% of patients in this study had CFS scores of 6/7, suggesting that frailty was not a contraindication to dialysis initiation at our center. Finally, we appreciate that dementia was likely under-recognized in our cohort and that a more accurate identification of dementia may have increased the proportion of patients classified as frail. This is not surprising, because other studies have shown that dementia and cognitive impairment are under-recognized in dialysis (37, 38) . Furthermore, we suspect that a more accurate capture of those who had dementia would have led to an even stronger association between frailty and mortality.
In summary, we identified that the higher levels of frailty as defined by the CFS are associated with an increased mortality risk in patients on incident dialysis. Future studies are needed to evaluate the usefulness of the CFS in other dialysis populations.
